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In our previous work [1], we have shown a curvaton model where the curvaton has a nonminimal
derivative coupling to gravity. Such a coupling could bring us scale-invariance of the perturbations
for wide range constant values of the equation-of-state of the cosmic background at the early time. In
this paper, we continue our study by fully analyzing its perturbations up to the third order. Apart
from the usual 2-point correlation function that has already been calculated in [1], we have also
taken into account the 3-point correlation functions including pure scalar part, pure tensor part, as
well as the cross-correlations between scalar and tensor perturbation modes. We find that for pure
scalar part, the 3-point correlation functions can generate non-Gaussianities that fits the PLANCK
data very well. For pure tensor and mixed parts, the shape functions have peaks at squeezed and
equilateral limits respectively, responsible for sizable fsqzNL and f
eql
NL, which could be tested by the
future observatioanl data.
PACS numbers:
I. INTRODUCTION
Curvaton has been widely discussed in the literature
as an alternative of inflaton to generate primordial per-
turbations in the early universe [2–6]. During inflation
period, with the addition of the so-called “curvaton field”
which can generate the most of the primordial perturba-
tions needed in the early times, constraints on the back-
ground evolution of the universe can be widely released,
and it is easier to have viable models which can fit the
data. At the end of inflation, the (isocurvature) pertur-
bations generated by curvaton can be transferred into
adiabatic ones [2], which is required by the observations.
For extended study of curvaton models, see [7–14].
Recently, we studied a new curvaton model with its
kinetic term coupled nonminimally to the Einstein ten-
sor, Gµν . This kind of coupling can be viewed as a
subgroup of Horndeski theory [15], or the most general
scalar-tensor theory [16], which is regarded as a ghost-
free theory even when null energy condition is violated.
Moreover, due to such kind of coupling, we show that
the scale-dependence of the scalar perturbations can be
independent of the background evolution, and is scale-
invariant, provided only that the background equation-
of-state is nearly a constant. That means, the scale-
invariant power spectrum can be obtained in this model,
even if the background is not inflation at all. We also
take into account the tensor perturbation. although it
can bring some constraints on the value of EoS, still a
large range of value is allowed. Furthermore, we also
discussed the transfer from curvaton perturbations into
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curvature perturbations , as well as local non-Gaussianity
generated in this model.
In early 2013, the PLANCK satellite released its first
observational result about cosmology, and one highlight
point is the accurate but small non-Gaussianity of the
early universe [17]. The PLANCK data shows that the
estimator of the equilateral non-Gaussianity is within
−42 ± 75 (1σ), while that of squeezed ones is within
2.7±5.8 (1σ). It is quite an attracting result, which could
rule out many early universe models. Although we have
shown that the local non-Gaussianity generated in our
model is consistent with the data, full non-Gaussianity
analysis including the equilateral ones are still not taken.
As a completion of the study of this model, in this paper
we will study the other shapes of its non-Gaussianities to
see if this model can pass the newest observational data.
This paper is organized as follows: in Sec. II we briefly
review the background evolution of our model, and in
Sec. III we analyze its perturbations. After given the
basic perturbation equations, in the second and third
subsections we show the results of perturbation at the
second order. From subsection D to subsection G, we
calculated the third order perturbations of pure tensor
part, pure scalar part, one tensor plus two scalar part
and one scalar plus two tenors part, respectively. In each
part, we plot the shape function of the correlation func-
tions, and especially for pure scalar part, we give the
formulation of the non-Gaussianity estimator fNL in its
equilateral limit in order to compare with the observa-
tional constraints by PLANCK data. The last section is
our conclusion.
2II. THE MODEL: BACKGROUND EQUATIONS
The action of nonminimal derivative coupling curvaton
is considered as [1]
S =
∫
d4x
√
g
[ R
16πG
+
ξ
M2
Gµν∂
µϕ∂νϕ− V (ϕ) +Lbg
]
,
(1)
where Gµν is the Einstein tensor: Gµν ≡ Rµν − gµνR/2,
and ξ is an arbitrary coefficient. The nonminimal deriva-
tive coupling field was first proposed in [24] and has been
analyzed in various aspects of cosmology and gravity the-
ories [25–43]. In [16], Deffayet et, al. showed that field
with nonminimal derivative coupling can be included into
the generalized Galileon theory which is inspired from
the Horndeski theory [15], and it can have the appeal-
ing property that there will be no ghost modes. Another
curvaton model made of Galileon is given in [44], where
the full scalar perturbations has been calculated.
It is straightforward to write down the equation of mo-
tion for the curvaton field ϕ, such as
6ξ
M2
H2ϕ¨+
6ξ
M2
(2H˙ + 3H2)Hϕ˙+ Vϕ = 0 , (2)
and its energy density and pressure can be expressed as
ρϕ =
9ξ
M2
H2ϕ˙2 + V (ϕ) , (3)
Pϕ = − ξ
M2
(3H2ϕ˙2 + 2H˙ϕ˙2 + 4Hϕ˙ϕ¨)− V (ϕ) , (4)
respectively. The background evolution of the curvaton
field with various types of potential has been classified
and briefly analyzed in [1]. Moreover, we can define the
following parameters:
y ≡ ξ
M2
ϕ˙2 , η ≡ ϕ¨
Hϕ˙
, ǫ ≡ − H˙
H2
, ǫφ ≡ φ˙
2
M2pH
2
, (5)
for later convenience. For inflationary background, |η|,
|ǫ|, |ǫφ| are much smaller than unity. Notice also that
y˙ = 2ξϕ˙ϕ¨/M2 = 2Hyη.
III. THE MODEL: PERTURBATION ANALYSIS
A. basic equations
In this subsection, we give the basic formulations of
perturbation of our model up to 3rd order which will be
used in the following subsections. First of all,the per-
turbed metric can be written as:
ds2 = −N2dt2 + hij(dxi +N idt)(dxj +N jdt) , (6)
where N is the lapse function, N i is the shift vector, and
hij is the induced 3-metric. One can then perturb these
functions as:
N = 1 + α , Ni = ∂iβ , hij = a
2(t)e2ψeγij , (7)
where α, β and ψ are the scalar metric perturbations, and
eγij ≡ δij + γij + (1/2)γki γkj + (1/6)γki γlkγlj + ... denotes
the tensor part of perturbation. The pertubation of ϕ
field is
ϕ→ ϕ(t) + δϕ(t,x) . (8)
In the following, we will take the spatial-flat gauge ψ =
0 for convenience, and neglect the perturbation of the
background field φ.
Using these perturbation elements, we could then ex-
pand the curvaton action (1) order by order:
S = S0 + Sss + Stt + Ssss + Sttt + Sstt + Ssst + ... , (9)
where the subscript “0” denotes background, “ss” and
“tt” means scalar and tensor parts for 2nd order per-
turbation, and “sss”, “ttt”, “stt” and “sst” are the pure
scalar part, pure tensor part, two scalar coupled with one
tensor part, and one scalar coupled with two scalar part
of 3rd order perturbations, respectively. As is well known
that at the 2nd order, the scalar and tensor modes decou-
ples with each other, while from the 3rd order, they are
coupled together and we should also take into account
their cross correlation function. Perturbations equal to
(or higher than) 4th order are regarded as negligible cor-
rections and will not be considered in this context.
The n-point correlation functions of any perturbative
quantity (in its momentum space) δ(k, t) is defined as:
〈δ(k1, t)δ(k2, t)...δ(kn, t)〉 (10)
where δ(k, t) can either be the scalar purturbation
δϕk(k, t) or tensor perturbation γ
(k)
ij (k, t). Specifically,
the two-point correlation functions is
〈δ(k1, t)δ(k2, t)〉 = |δ(k1, t)|2δ3(k1 + k2) (11)
where k1 = |k1|, and the three-point correlation functions
is
〈δ(k1, t)δ(k2, t)δ(k3, t)〉
= −i〈|
∫ tf
ti
dt′[δ(k1, t)δ(k2, t)δ(k3, t), H
(3)
int(δ, t
′)]|〉 ,(12)
where H
(3)
int is the Hamiltonian extracted from the 3rd
order perturbed action of (9).
We observe these correlation functions by their spectra.
The spectrum for two point correlation function (power
spectrum) is defined as:
Pδ∗(k) ≡ k
3
2π2
|δ(k, t = t∗)|2 = As
(
k
k∗
)ns−1
, (13)
For power spectrum, it is important to know its am-
plitude As, as well as its spectral index ns which de-
scribes dependence with the wavenumber of the per-
turbation modes, k, since they can directly be con-
nected with observational data. Recent PLANCK 2013
3data gives the constraint of As = (2.23 ± 0.16) × 10−9,
ns = 0.9603± 0.0073 (1σ). While the spectrum for three
correlation function (bispectrum) is defined as:
B(k1,k2,k3) = 〈δ(k1, t)δ(k2, t)δ(k3, t)〉
(2π)3δ3(k1 + k2 + k3)
∣∣∣∣
t=t∗
. (14)
For bispectrum, we take care of the shape of the cor-
relation function as functions of wavenumbers of each
point, A(k1,k2,k3), which is defined via bispectrum as:
B(k1,k2,k3) = (2π)
4P2δ∏3
i=1 k
3
i
A(k1,k2,k3) . (15)
Moreover, one can also define the estimator,
fNL =
10
3
A(k1,k2,k3)∑3
i=1 k
3
i
. (16)
which can be constrained directly by the observational
data. The PLANCK data have imposed stringent con-
straints on both equilateral and squeezed limits of fNL,
namely feqlNL = −42±75 and f sqzNL = 2.7±5.8 (1σ). These
results can be well used to constraint models that give
rise to primordial non-Gaussianities.
The spectrum for four point correlation function is
called trispectrum, and so on and so forth. The trispec-
trum is described by its shape as well as the estimator
gnl and τnl. Up till now, the constraints on trispectum is
still very poor, only having an upper bound of τnl < 2800
(2σ).
B. Two-point correlation function: scalar part
In this subsection, we focus on the scalar perturbation
up to 2nd order in this model, which is basically obtained
from Sss in (9). First of all, we notice that N and Ni in
(6) are only constraint quantities and have no dynamics,
we can make use of techniques in [45] to express them
using field variables:
α = a1 ˙δϕ+ a2δϕ , ∂
2β = b1 ˙δϕ+ b2δϕ+ b3∂
2δϕ , (17)
where we define
a1 ≡ − 2ξϕ˙/M
2
M2p − 3y
, a2 ≡ 3ξHϕ˙/M
2
M2p − 3y
, (18)
b1 ≡ a2
[a1
φ˙2
2H − 9ξHϕ˙M2 − 3Ha1(M2p − 6y)]
M2p − 3y
, (19)
b2 ≡ a2
[a2
φ˙2
2H − 3Ha2(M2p − 6y)−
V,ϕ
2H ]
M2p − 3y
, (20)
b3 ≡ − 2ξϕ˙/M
2
M2p − 3y
. (21)
Then the next step is to expand the action to second
order of δϕ. As has been demonstrated in [1], we choose
the kinetic term of the field ϕ to be ∼ Gµν∂µϕ∂νϕ such
that the 2nd order perturbation action will be like
Sss =
∫
d3xdη
a2Qs
c2s
[
δϕ′
2 − c2s(∂δϕ)2
]
, (22)
where
Qs ≡ P,X ∼ 1
a2(η∗ − η)2 , c
2
s ≡
P,X
ρ,X
, (23)
and ′ means derivative with respect to conformal time η.
However, since we worry that the nonminimal coupling
will bring nontrivial effects to the perturbation action,
we fully expand the action without neglecting the metric
perturbation. We then obtain a more complete form of
perturbed action:
Sss =
∫
dηd3xa2
Qs
c2s
[
δϕ′2−c2s∂iδϕ∂iδϕ−
1
2
a2c2sm
2
eff
Qs
δϕ2
]
,
(24)
where
Qs ≃ −ξH
2
M2
(2ǫ− 7) , c2s ≃ −
1
3
(2ǫ− 7) , m2eff ≃ Vϕϕ .
(25)
in the |y| ≪M2p limit while their full expression is given
in Eqs. (20) of [1]. In order to make this model free
of ghost and gradient instabilities, we require Qs > 0,
c2s > 0, which leads to
ξ > 0 , w = −1 + 2
3
ǫ <
4
3
, (26)
which is the region of viability of our model in this case.
From the action (24), one can get the equation of motion
for δϕ. Define zs ≡ a
√
Qs/cs, one have:
(zsδϕ)
′′ + (c2sk
2 − z
′′
s
zs
+
1
2
a4m2eff
z2s
)(zsδϕ) = 0 . (27)
It is convenient to solve the equation in momentum
space. The variables δϕ in its momentum space are:
δϕ(x, η) =
∫
d3kδϕ(k, η)eik·x , (28)
δϕ(k, η) = δϕk(η)αs(k) + δϕ
∗
k(η)α
†
s(−k) , (29)
where αs(k) and α
†
s(k) are producing and annihi-
lating operators satisfying the commutation relation
[αs(k), α
†
s(k
′)] = (2π)3δ(k− k′).
Substituting (28) into Eq. (27) and impose the initial
condition of Bunch-Davies vacuum, one have
δϕk =
iH√
2Qscsk3
(1 + icskη)e
−icskη (30)
for sub-horizon region and
δϕk ∼ kν(η∗ − η)ν+ 32 , k−ν(η∗− η)ν+ 32 , ν ≃ 3
2
, (31)
4for super-horizon region, where we neglected the mass
term. Finally, the (normalized) power spectrum of δϕ
can be obtained as
P˜δϕ ≡ Pδϕ
M2p
=
k3
2π2
|δϕ|2
M2p
=
H2
4π2M2p csQs
=
√
3
(7− 2ǫ)3
M2
4π2M2p ξ
. (32)
If the curvaton ϕ has no potential, we will get an exact
scale-invariant power spectrum, however, a slight tilt will
arise if we allow a small potential which satisfies Vϕϕ ∼
H4 ∼ t−4.
The curvature perturbation can be generated either af-
ter the curvaton dominates or when the curvaton reaches
equilibrium with the background. In Ref. [1], we dis-
cussed the spectrum of the curvature perturbations in our
model, and obtained results for both of the two mecha-
nisms, which are:
PAζ ≃
27
√
3H2∗
4π2|y∗|(7 − 2ǫ)5/2
( ǫ
3 + ǫ− 2η
)2
(33)
and
PBζ ≃
3
√
3ǫ2r2H2∗
16π2|y∗|(7− 2ǫ)5/2
(34)
at the |y| ≪M2p limit.
C. Two-point correlation function: tensor part
Besides scalar type of perturbations, the primordial
perturbations of tensor type may also be generated in the
early universe, which is expected to be detected by the
coming PLANCK 2yr data. In this section, we will focus
on the tensor part of the perturbations in our model.
Consider only the tensor part of the perturbed metric in
(6), one could easily obtain the tensor part of the 2nd
order perturbed action as:
Stt = 1
8
∫
dηd3xa2
QT
c2T
[γ′2ij − c2T (∂γij)2] , (35)
where we defined
QT = M
2
p + y , c
2
T =
M2p + y
M2p − y
, (36)
and in |y| ≪ M2p limit they will reduce to QT ≃ M2p ,
c2T ≃ 1.
One can solve the equation of motion for γij from the
action (35) to get the tensor spectrum. Define zT ≡
a
√
QT /cT and according to the action (35), one can have
the equation of motion for γij as:
(zTγij)
′′ + (c2Tk
2 − a
′′
a
)(zT γij) = 0 . (37)
Similar as the scalar perturbation, the tensor pertur-
bation can also be transformed into momentum space via
Fourier transformation, which is:
γij(x, η) =
∫
d3kγij(k, η)e
ik·x , (38)
γij(k, η) =
2∑
λ=1
[
eij(k, λ)αT (k, λ)γk(η)
+e∗ij(−k, λ)α†T (−k, λ)γ∗k(η)
]
, (39)
where αT (k, λ) and α
†
T (k, λ) are producing and anni-
hilating operators, satisfying the commutation relation
[αT (k, λ), α
†
T (k
′, λ′)] = (2π)3δλλ′δ(k − k′) and eij is the
polarization tensor with relations:
eii(k, λ) = 0 , k
ieij(k, λ) = 0 , eij(k, λ)eij(k, λ
′) = δλλ′ ,
e∗ij(k, λ) = eij(−k, λ) = eij(k,−λ) , (40)
and λ = ±2. Solving Eq. (37), one has:
γk(η) =
iH√
2QT cTk3
(1 + icTkη)e
−icT kη (41)
for sub-horizon region and
γij ∼ constant.,
∫
dt
a3(t)M2p
, (42)
for super-horizon region. The power spectrum for tensor
perturbation thus can be obtained as:
PT ∼ k3|γij |2 ∼ H
2
M2p
( k
k0
)nT
, (43)
where k0 denotes some pivot wavenumber. The spectral
index
nT =
6(1 + w)
1 + 3w
(w > 1) ,
or
12w
1 + 3w
(−1
3
< w < 1) (44)
for contracting phase and
nT =
6(1 + w)
1 + 3w
(w < −1
3
) (45)
for expanding phase. One can expect future PLANCK
or BICEP data to put further constraints on the nT .
D. Three-point correlation function: pure scalar
part
In the following, we will discuss about 3-point corre-
lation functions of our model, namely non-Gaussianities.
Since for more than second order, the tensor perturba-
tions couples to the scalar ones, the correlation functions
5contain not only pure scalar and tensor parts, but also
have mixed parts between scalar and tensor modes. As
a full investigation, we will analyze all these cases in the
following subsection. First of all, we focus on the non-
Gaussianities of pure scalar part, 〈δϕδϕδϕ〉. Following
(6,7,8), one can get the 3rd-order perturbative action for
the scalar part as:
Ssss ⊂
∫
dtL(3)sss
L(3)sss = a
3
[
A1 ˙δϕ3 +A2a−2δϕ2∂2δϕ+A3a−2δϕ∂iδϕ∂iδϕ+A4a−4∂2δϕ∂iδϕ∂iδϕ
+A5a−2∂2δϕ∂iδϕ∂iΨ+A6 ˙δϕ2δϕ+A7a−2 ˙δϕ2∂2δϕ+A8a−2 ˙δϕ∂iδϕ∂i ˙δϕ
+A9 ˙δϕ∂iδϕ∂iψ +A10a−2∂2 ˙δϕ∂iδϕ∂iψ +A11a−2∂2δϕ∂i ˙δϕ∂iψ +A12a−2δϕ∂i ˙δϕ∂iδϕ
+A13a−2 ˙δϕ∂iδϕ∂iδϕ+A14a−4∂2δϕ∂iδϕ∂i ˙δϕ+A15a−4∂2 ˙δϕ∂iδϕ∂iδϕ
+A16 ˙δϕ∂iδϕ∂iΨ+A17a−2∂2δϕ∂iδϕ∂iψ +A18a−2∂2 ˙δϕ∂iδϕ∂iΨ+A19a−2∂2δϕ∂i ˙δϕ∂iΨ
]
, (46)
where we define ∂2ψ ≡ ˙δϕ, ∂2Ψ ≡ δϕ, and
A1
(ǫφ + 12)
=
A17
(ǫφ + 3)
= −2 A13
(3ǫφ − 5) = 2
(
ξ
M2
) 3
2 √
yH2
M2p
,
A2 = A5 = A16/3H = 2HA18 = 2HA19 = −2 ξ
M2
[
√
ξy
M
H3
M2p
(
3
2
ǫφ − 9)− V,ϕ
2M2p
] ,
A3 = − ξ
M2
[
√
ξy
M
H3
M2p
(
3
2
ǫφ − 24)− V,ϕ
2M2p
] , A4 = 5
8
A7 = 5
4
HA14 = 5
2
HA15 = 5
2
(
ξ
M2
) 3
2 √
yH
M2p
,
A6 = − ξ
M2
[
√
ξy
M
H3
M2p
(3ǫφ + 9)− V,ϕ
M2p
] , A8 = −5A10 = −5A11 = 5A9/6H2 = 5
(
ξ
M2
) 3
2 √
yH
M2p
(ǫφ + 3) ,
A12 = − ξ
M2
1
H
[
√
ξy
M
H3
M2p
(
3
2
ǫφ + 3)− V,ϕ
2M2p
] . (47)
The 3-point cross correlations are defined as:
〈δϕ(k1, t)δϕ(k2, t)δϕ(k3, t)〉
= −i〈|
∫ tf
ti
dt′[δϕ(k1, t)δϕ(k2, t)δϕ(k3, t),
H
(3)
int(t
′)]|〉 , (48)
where for third order we have H
(3)
int = −L(3)sss. Here we
choose ti to be infinite past, which corresponds to the
Bunch-Davies vacuum, and tf to be some cutoff time
scale, tc In inflationary scenario, tc should be reheating
time, while for bounce scenario, tc corresponds to bounc-
ing point. One can also use its conformal correspondence,
namely ηc. In inflationary scenario it goes to 0 and in
bouncing scenario it is ηB. It is a very small number,
when ηc → 0, cos(Kηc) → 1, sin(Kηc)/(Kηc) → 1. We
keep ηc to avoid IR divergence in some of the following
terms, which will be seen later. Because ηc is small, we
neglect higher order terms of ηc. The shape function is
related to correlation function via the relation:
〈δϕ(k1, t)δϕ(k2, t)δϕ(k3, t)〉
=
(2π)3δ3(
∑3
i=1 ki)
Π3i=1k
3
i
H4
M4p c
2
sQ
2
s
A(k1, k2, k3) , (49)
where we have used (14), (15) and the power spectrum
result (32).
Since there are two many terms in this part, we would
like to classify these terms in terms of numbers of time
derivatives, namely:
61. parts of 3 time-derivatives
This part only contains one term: A1, so the Hamil-
tonian is H
(3,3d)
int = −
∫
d3xa3A1 ˙δϕ3. Substitute it into
(48) one can get the cross correlations of this part:
〈δϕ(k1, t)δϕ(k2, t)δϕ(k3, t)〉(3d)
≃ (2π)3δ3(
3∑
i=1
ki)A1 3H
5
8Q3sk
3
1k
3
2k
3
3
K
6
K3
cos(Kηc) ,(50)
where we define K ≡ k1 + k2 + k3, K3 ≡ k1k2k3. Com-
paring with (49) one gets the shape function of this part:
A(3d)(k1, k2, k3) ≃ 3Hc
2
s
8Qs
A1 K
6
K3
cos(Kηc) , (51)
In Fig. 1 we plot the shape function A3d in which
the wavenumbers are normalized with k1 = 1. We can
see that, there is a peak in the region where x = y → 1,
namely k1 ≈ k2 ≈ k3, which corresponds to an equilateral
limit.
FIG. 1: The shape of the pure scalar part of the bispectrum
which contains 3 time-derivatives in each term. The shape
peaks in the region where x = y → 1, corresponding to an
equilateral limit.
2. parts of 2 time-derivatives
This part contains six terms, namely A6, A7, A8, A9,
A10, A11. Subsitute the Hamiltonian (which is the op-
posite of the Lagrangian) of these terms H
(3,2d)
int into (48)
one can get the cross correlations of this part:
〈δϕ(k1, t)δϕ(k2, t)δϕ(k3, t)〉(2d)
≃ (2π)
3δ3(
∑3
i=1 ki)H
4
25Q3sk
3
1k
3
2k
3
3
k21k
2
2
K2
[
(K + k3)
(
A6 +A9k2 · k3
k22
)
+
2H2(K + 3k3)
K2
(
A7k23 +A8(k2 · k3) +A10
k21(k2 · k3)
k22
+A11 (k1 · k2)k
2
3
k22
)]
cos(Kηc) + 5 perms., (52)
and comparing with (49) one gets the shape function of
this part:
A(2d)(k1, k2, k3)
≃ c
2
s
25Qs
{
2A6
K2
∑
i6=j
(k3i k
2
j +K
3kikj) +
A9
2K2
[
2
3∑
i=1
k5i
+
∑
i6=j
(3k4i kj − 5k3i k2j − 3K3kikj)
]
+(2A7 −A8)12H
2
K
6
K3
+A10H
2
K4
[
2
3∑
i=1
k7i +
∑
i6=j
(5k6i kj
−2k5i k2j − 5k4i k3j − 5K3k3i kj)
]
+A11 3H
2
K4
[∑
i6=j
(k5i k
2
j
−k4i k3j )− 4K6K
]}
cos(Kηc) . (53)
In the following we plot the shape functions of the
bispectra given in the above results. Although there
are totally six parts of bispectrum, there are less kinds
of shapes since some parts actually give quite the sim-
ilar shapes. Therefore in the following, we will only
plot representative ones which are distinctive from each
other, while contributions with the same shape will be
addressed in their captions. The same way applies for
other cases.
From the plots we can see that, the A6 part gives rise
to shape function which peaks on its squeezed limit, while
shapes of A7, A8, A9 and A11 peaks on their equilateral
limit. Moreover, the A10 generates peaks on both en-
folded and equilateral limit, showing an orthogonal fea-
ture.
FIG. 2: The shape of the bispectrum of contribution A6. The
shape peaks in the region where x→ 1, y → 0 and vice versa,
corresponding to a squeezed limit.
3. parts of 1 time-derivative
This part contains eight terms, namely A12, A13, A14,
A15, A16, A17, A18, A19. Subsitute the Hamiltonian
7FIG. 3: The shape of the bispectrum of contribution A7. The
shape peaks in the region where x = y → 1, corresponding
to an equilateral limit. The same shape are also given by
contributions A8, A9 and A11.
FIG. 4: The shape of the bispectrum of contribution A10.
The shape peaks both in the region where x = y → 1, cor-
responding to an equilateral limit, and in the region where
x+ y = 1, corresponding to a folding limit.
of these terms H
(3,1d)
int into (48) one can get the cross
correlations of this part:
〈δϕ(k1, t)δϕ(k2, t)δϕ(k3, t)〉(1d)
=
(2π)3δ3(
∑3
i=1 ki)H
3
25Q3sk
3
1k
3
2k
3
3
{
2A16k21
k2 · k3
k23
(k1k3
K
− sin(Kηc)
ηc
−k2ℜ[Ci(Kηc)]
)
+ k21
[
H4
K5
(A14(k1 · k2)k23
+A15k21(k2 · k3))
(
2K2 + 6
3∑
i=1
k2i + 6
∑
i6=j
kikj − 6k21
+30k2k3
)
+
H2
K3
(
A12(k1 · k2) +A13(k2 · k3)
+A17 (k1 · k2)k
2
3
k21
+A18 k
2
1(k2 · k3)
k23
+A19 (k1 · k2)k
2
3
k22
)
(
K2 +
1
2
3∑
i=1
k2i +
∑
i6=j
kikj − k21 + 3k2k3
)]
cos(Kηc)
}
+5 perms. (54)
8Comparing with (49) one gets the shape function of this
part:
A(1d)(k1, k2, k3)
=
c2s
24HQs
A16
K6K
{
K
3
∑
i6=j
(k6i kj − k4i k3j )−K6
∑
i6=j
k3i kj
+[
∑
i6=j
(k5i k
5
j − k7i k3j )−K3
∑
i6=j
(k5i k
2
j − k4i k3j )
+K6
∑
i6=j
(k3i kj + k
2
i k
2
j ) + 2K
9K]ℜ[Ci(Kηc)]
+[−
∑
i6=j
(k7i k
2
j + k
6
i k
3
j − k5i k4j )−K3
∑
i6=j
(k5i kj − k3i k3j )
+2K6(
3∑
i=1
k3i +
∑
i6=j
k2i kj)]
sin(Kηc)
ηc
}
+
M4p c
2
s
25HQs
{
A14 3H
4
K5
[∑
i6=j
(k6i k
2
j
−k4i k4j ) + 5K3
∑
i6=j
(k4i kj − k3i k2j )− 6K6
3∑
i=1
k2i
−10K6
∑
i6=j
kikj
]
+A15 2H
4
K5
[ 3∑
i=1
k8i +
∑
i6=j
(3k7i kj
+3k6i k
2
j − 3k5i k3j − 4k4i k4j ) + 3K3(6
3∑
i=1
k5i −
∑
i6=j
k4i kj
−6
∑
i6=j
k3i k
2
j )− 8K6
3∑
i=1
k2i
]
−A12H
2
K3
[ 3∑
i=1
k6i
+
∑
i6=j
(k5i kj + 2k
4
i k
2
j ) + 4K
3
3∑
i=1
k3i
]
+A13H
2
K3
[ 3∑
i=1
k6i
+
∑
i6=j
(k5i kj − k4i k2j − k3i k3j ) + 4K3
3∑
i=1
k3i − 5K3
∑
i6=j
k2i kj
−12K6
]
+A17 H
2
2K3
[
4
3∑
i=1
k6i +
∑
i6=j
(5k5i kj − 4k4i k2j
−5k3i k3j ) + 2K3
3∑
i=1
k3i − 7K3
∑
i6=j
k2i kj − 18K6
]
+A18 H
2
2K6K3
[∑
i6=j
(k10i k
2
j + k
9
i k
3
j + k
8
i k
4
j − k7i k5j
−2k6i k6j ) +K3
∑
i6=j
(k8i kj + 4k
7
i k
2
j − k6i k3j − 4k5i k4j )
+2K6
3∑
i=1
k6i − 2K6
∑
i6=j
(k5i kj + 3k
4
i k
2
j )− 8K9
3∑
i=1
k3i
]
+A19 H
2
2K6K3
[∑
i6=j
(k8i k
4
j − k6i k6j ) + 3K3
∑
i6=j
(k6i k
3
j − k5i k4j )
−K6
∑
i6=j
(3k4i k
2
j + k
3
i k
3
j )− 5K9
∑
i6=j
k2i kj − 12K12
]}
(55)
From the plots we can see that the A12, A16 and A19
parts have shape functions which peak on their squeezed
limits, and the A13, A14 and A17 parts have shape
functions which peak on their equilateral limits. The
A15 and A18 parts have different types of orthogonal
shapes, which peaks on folded + equilateral and folded
+ squeezed limits, respectively. Moreover, since A16 will
be divergent in the limit where ηc → 0, it is useful to set
a cutoff scale for A16, where we choose Kηc = −0.001.
However, different choices of cutoff will hardly change
our results.
FIG. 5: The shape of the bispectrum of contribution A12.
The shape peaks in the region where x → 1, y → 0 and vice
versa, corresponding to a squeezed limit. The same shape are
also given by contributions A16 and A19, where in A16 we
choose the cut-off to be Kηc = −0.001.
FIG. 6: The shape of the bispectrum of contribution A13. The
shape peaks in the region where x = y → 1, corresponding
to an equilateral limit. The same shape are also given by
contributions A14 and A17.
4. parts of 0 time-derivative
This part contains the last four terms, A2, A3, A4,
A5. Subsitute the Hamiltonian of these terms H(3,0d)int
9FIG. 7: The shape of the bispectrum of contribution A15.
The shape peaks both in the region where x = y → 1, cor-
responding to an equilateral limit, and in the region where
x+ y = 1, corresponding to a folding limit.
FIG. 8: The shape of the bispectrum of contribution A18.
The shape peaks both in the region where x → 1, y → 0
and vice versa, corresponding to a squeezed limit, and in the
region where x+ y = 1, corresponding to a folding limit.
into (48) one can get the cross correlations of this part:
〈δϕ(k1, t)δϕ(k2, t)δϕ(k3, t)〉(0d)
≃ (2π)
3δ3(
∑3
i=1 ki)H
4
25Q3sk
3
1k
3
2k
3
3K
2
{
A4H2 (k1 · k2)k
2
3
K2
cos(Kηc)
[
2k31
+8k21(k2 + k3) + (6k1 + 2K)(k
2
2 + 3k2k3 + k
2
3)
]
+
[(∑
i6=j
k2i kj + 4K
3
)
cos(Kηc)−K2 sin(Kηc)
ηc
]
(
A2k21 +A3(k1 · k2) +A5
(k1 · k2)k23
k22
)}
+ 5 perms.(56)
and comparing with (49) one gets the shape function of
this part:
A(0d)(k1, k2, k3)
=
c2s
25QsK2
{
A4H
2
K
[
2
3∑
i=1
k6i + 2
∑
i6=j
(3k5i kj − k4i k2j
−3k3i k3j ) + 6K3
(
2
3∑
i=1
k3i − 3
∑
i6=j
k2i kj
)]
+
[
(2A2 −A3)
( 3∑
i=1
k2i
)
+
A5
2K6
(∑
i6=j
(k6i k
2
j − k4i k4j )− 2K6
3∑
i=1
k2i
)]
[(∑
i6=j
k2i kj + 4K
3
)
cos(Kηc)−K2 sin(Kηc)
ηc
]
. (57)
From the plots we can see that theA2 andA3 part have
shape functions which peak on its squeezed limit, the A4
part has shape function which peaks on its equilateral
limit, while the A5 part has orthogonal shape function,
which peaks both on its folded and squeezed limit.
FIG. 9: The shape of the bispectrum of contribution A2. The
shape peaks in the region where x→ 1, y → 0 and vice versa,
corresponding to a squeezed limit. The same shape are also
given by contributions A3.
5. The observables of Non-Gaussianity: fNL
After long derivations of the non-Gaussianities of
scalar perturbation, let us now focus on the constraints
on non-Gaussianities by observations, which is the most
important and one of our main goals. People often use
an estimator, fNL, which is defined in Eq. (16), to con-
straint non-Gaussianities. Although the general defini-
tion of fNL seems to be function of 3 ki’s, there are three
types of fNL of peculiar importance, which are:
feqlNL = fNL|k1≈k2≈k3 for equilateral type , (58)
f sqzNL = fNL|k1≈k2,k3≈0 for squeezed type , (59)
fenfNL = fNL|k1≈2k2≈2k3 for enfolded type , (60)
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FIG. 10: The shape of the bispectrum of contribution A4.
The shape peaks in the region where x = y → 1, correspond-
ing to an equilateral limit.
FIG. 11: The shape of the bispectrum of contribution A5.
The shape peaks both in the region where x → 1, y → 0
and vice versa, corresponding to a squeezed limit, and in the
region where x+ y = 1, corresponding to a folding limit.
and the PLANCK data gives the very stringent con-
straints on equilateral and squeezed types of fNL as is
shown before.
fNL relates to the shape functions A(k1,k2,k3) as is
given in Eq. (16). In the above sections we have derived
the shape functions A(3d), A(2d), A(1d) and A(0d) in Eqs.
(51), (53), (55) and (57), respectively. However, these are
only shape functions of dimentionful 3-point correlation
functions, 〈δϕδϕδϕ〉 while what we observed is that of di-
mensionless curvature perturbation, ζ. Since according
to δN formalism we roughly have ζ ≈ (H/ϕ˙)δϕ during in-
flation, one has B〈ζζζ〉 ≈ (H/ϕ˙)3B and Pζ ≈ (H/ϕ˙)2Pδϕ.
From Eq. (15), the shape of 〈ζζζ〉 is:
A〈ζζζ〉 ≈
(
ϕ˙
H
)
(A(3d) +A(2d) +A(1d) +A(0d)) . (61)
TakingA〈ζζζ〉 back into Eq. (16) and taking k1 = k2 = k3
limits, we can get the equilateral type of fNL:
feqlNL =
5H3ξ5/2c2sM
2
p
1296M6y3/2Qs
{2H3(3572− 637ǫφ)
√
yξ
+405MV,ϕ − 162ℜ[Ci(3kηc)][3H3(6− ǫφ)
√
yξ
+MV,ϕ]} , (62)
where making use of Eq. (25) for Qs and c
2
s, taking the
cut-off of Kηc = −0.001 and neglecting the potential
term V,ϕ can make the formula greatly reduced. More-
over, for inflationary evolution where the slow-roll pa-
rameter ǫφ is small, one can consider only the leading
order of ǫφ, so the result will be:
feqlNL ≃ 10
|y|
M2p
(1 +O(ǫφ)) . (63)
Moreover, as has been discussed in Sec. IIIB (see also
earlier discussion in [1]), according to the instability re-
quirement, our model can only allow for |y| ≪ M2p . Un-
der this requirement, one can expect a small feqlNL, which
is well within the constraints of PLANCK data. For ex-
ample, if we choose |y|/M2p ∼ 10−2, one can get:
feqlNL ≃ 0.1 . (64)
Furthermore, one can take different limits of ki’s to
get different types of fNL, for instance, the squeezed and
folded ones. Since the squeezed fNL is similar to the
local type ones that has been obtained in [1], we will not
bother to recalculate it again in our present paper.
E. Three-point correlation function: pure tensor
part
In this section, we calculate the non-Gaussianity of
pure tensor part. The 3-rd order action of pure tensor
part reads
Sttt ⊂
∫
dtL
(3)
ttt
=
M2p
4
∫
dtd3xa(γieγ
ef
,inγ
n
f −
1
2
γijγmnγmn,ij) ,(65)
where QT has been given in (36). The pure tensor part
of non-Gaussianity is given in Eq. (12) where for pure
tensor part one can replace δ with γij . Since there are
no kinetic term in pure tensor part, one can identify the
interacting Hamiltonian in (12) with its Lagrangian with
a minus sign, namely,
〈γi1j1(k1, t)γi2j2(k2, t)γi3j3(k3, t)〉
= −i〈|
∫ tf
ti
dt′[γi1j1(k1, t)γi2j2(k2, t)γi3j3(k3, t),
H
(3)
int(t
′)]|〉 , (66)
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whereH
(3)
int = −L(3)ttt . Substituting (38) and (41) into (66)
and after long derivation, one gets:
〈γi1j1(k1, t)γi2j2(k2, t)γi3j3(k3, t)〉
≃ (2π)
3H4M2p
8Q3TΠ
3
i=1k
3
i
δ3(
3∑
i=1
ki)Πij,i2j2(k2)Πmn,i3j3(k3)
×[ 1
2
k1ik1nΠjm,i1j1(k1)−
1
4
k1ik1jΠmn,i1j1(k1)]
× 1
K2
[(∑
i6=j
k2i kj + 4K
3
)
cos(Kηc)−K2 sin(Kηc)
ηc
]
+2 perms, (67)
where Πij,kl(k) is defined as:
Πij,kl(k) ≡
2∑
λ=1
eij(k, λ)e
∗
kl(k, λ) . (68)
In order to compare with the usual definition of 3-point
correlation function, (14), we consider the non-indexed
variable,
γ(k, λ) = eij(k, λ)γij(k) , (69)
then the non-indexed 3-point correlation functions can
be obtained using (67):
〈γ(k1, λ1)γ(k2, λ2)γ(k3, λ3)〉
≃ (2π)
3H4M2p
8Q3TΠ
3
i=1k
3
i
δ3(
3∑
i=1
ki)eij(k2, λ2)emn(k3, λ3)
×[ 1
2
k1ik1nejm(k1, λ1)− 1
4
k1ik1jemn(k1, λ1)]
× 1
K2
[(∑
i6=j
k2i kj + 4K
3
)
cos(Kηc)−K2 sin(Kηc)
ηc
]
+2 perms.,
=
(2π)3H4M2p
8Q3TΠ
3
i=1k
3
i
δ3(
3∑
i=1
ki)Kλ1,λ2,λ3(k1, k2, k3)
× 1
K2
[(∑
i6=j
k2i kj + 4K
3
)
cos(Kηc)−K2 sin(Kηc)
ηc
]
+2perms., (70)
where
Kλ1,λ2,λ3(k1, k2, k3)
=
1
128
√
2k21k
2
2k
2
3
(k1 − k2 − k3)(k1 + k2 − k3)(k1 − k2 + k3)(k1 + k2 + k3)
[3k41 − (k22 − k23)2 + k1k2(k23 − k22)λ1λ2 + k31λ1(k2λ2 + 2k3λ3) + k21(−2k22 + 6k23 + 2λ2λ3k2k3)] , (71)
Here we also used the relations (40). From Eqs. (14) and
(15), we define the shape function of the pure tensor part
through the relation
〈γ(k1, λ1)γ(k2, λ2)γ(k3, λ3)〉
=
(2π)7δ3(
∑3
i=1 ki)
Π3i=1k
3
i
P2δϕAλ1,λ2,λ3(k1,k2,k3) , (72)
which gives
Aλ1,λ2,λ3(k1,k2,k3) ≃
M2pQ
2
sc
2
s
8Q3T
Kλ1,λ2,λ3(k1, k2, k3)
× 1
K2
[(∑
i6=j
k2i kj + 4K
3
)
cos(Kηc)−K2 sin(Kηc)
ηc
]
+2 perms. (73)
Here Pδϕ has been given in Eq. (32). There are actually
23 = 8 shapes, according to λi(i = 1, 2, 3) being positive
or negative. However, due to the symmetry, there are
actually only one independent shape. In this context,
we will only plot one of the shapes for illustration, while
other shapes can be related.
In Fig. 12 we plot the shape function A+++ which we
choose λ1 = λ2 = λ3 = +2, while the wavenumbers are
normalized with k1 = 1. We can see that, there is a peak
in the region where x→ 1, y → 0, namely k1 ≈ k2 ≫ k3,
which corresponds to a squeezed limit.
F. Three-point correlation function: 1 scalar+2
tensors
In this section, we calculate the non-Gaussianity of the
mixing parts which contain 1 scalar modes and 2 tensor
mode. The 3-rd order action of 1 scalar+2 tensor part
12
FIG. 12: The shape of the pure tensor part of the bispec-
trum with λ1 = λ2 = λ3 = +2. The shape peaks in the
region where x → 1, y → 0 and vice versa, corresponding to
a squeezed limit.
reads
Sstt ⊂
∫
dtL
(3)
stt
=
∫
dtd3xa3[B1a−2 ˙δϕγmn,iγnm,i + B2a−2δϕγmn,iγnm,i
+B3 ˙δϕγ˙ij γ˙ij + B4δϕγ˙ij γ˙ij + B5∂nψγ˙ijγij,n
+B6∂nΨγ˙ijγij,n + B7a−2γ˙kj γjl,k∂lδϕ
+B8a−2γ˙kj γkl,j∂lδϕ] (74)
where
B1 = B3 = −1
2
B7 = 1
2
B8 = ξϕ˙
4M2
,
B2 = B4 = −3
8
ξϕ˙H
M2
,B5 = ξϕ˙H
4M2
(ǫφ + 3) ,
B6 = −1
4
[
ξϕ˙H2
M2
(
3
2
ǫφ − 9)− V,ϕ
2H
] . (75)
and the 3-point cross correlations are defined as:
〈δϕ(k1, t)γi2j2(k2, t)γi3j3(k3, t)〉
= −i〈|
∫ tf
ti
dt′[δϕ(k1, t)γi2j2(k2, t)γi3j3(k3, t),
H
(3)
int(t
′)]|〉 , (76)
where in this case H
(3)
int = −L(3)stt . Substituting (??) into
(76) one can get:
〈δϕ(k1, t)γi2j2(k2, t)γi3j3(k3, t)〉
=
H6(Π3i=1k
−3
i )
8Q2T c
2
TQscs
(2π)3δ3(
3∑
i=1
ki)
(
Πij,i2j2(k2)Πij,i3j3 (k3)
6∑
s=1
I(s)
)
+Πij,i2j2(k2)Πjk,i3j3(k3)(k1kk3j)(I(7) + I(8))
+(k2 ↔ k3, i2j2 ↔ i3j3) , (77)
where
I(1) = 2c2T
B1
H
(k2 · k3)[c4sk41 + 3c3scT k31(k2 + k3)
+2c2T c
2
sk
2
1(k
2
2 + 3k2k3 + k
2
3)] cos[(csk1 + cT (k2
+k3))ηc]/[csk1 + cT (k2 + k3)]
3 ,
I(2) = 2c2T
B2
H2
(k2 · k3){[4csc2Tk1k2k3 + c2T csk21(k2 + k3)
+csc
2
Tk1(k
2
2 + k
2
3) + c
3
Tk2k3(k2 + k3)] cos[(csk1 + cT (k2
+k3))ηc]− (csk1 + cT k2 + cTk3)3 sin[(csk1 + cT (k2
+k3))ηc]/ηc}/[csk1 + cT (k2 + k3)]2 ,
I(3) = 4B3
H
c2sc
4
Tk
2
1k
2
2k
2
3 cos[(csk1 + cT (k2 + k3))ηc]
[csk1 + cT (k2 + k3)]3
,
I(4) = 2 B4
H2
c4Tk
2
2k
2
3 [2csk1 + cT (k2 + k3)]
[csk1 + cT (k2 + k3)]2
cos[(csk1 + cT (k2
+k3))ηc] ,
I(5) = B5
H2
(k1 · k3)csc
3
Tk
2
2 [csk1 + cT (k2 + 2k3)]
[csk1 + cT (k2 + k3)]2
cos[(csk1 + cT (k2
+k3))ηc] ,
(78)
I(6) = B6
2H3
c3T (k1 · k3)k22
csk21
[
sin((csk1 + cTk2 + cT k3)ηc)
ηc
− cscTk1k3
(csk1 + cTk2 + cTk3)
+
cTk2ℜ[Ci((csk1 + cT k2 + cTk3)ηc)]] ,
I(7) = +2csc3T
B7
H
[2c2sk
2
1 + cT (3csk1 + cTk2 + cTk3)
(k2 + 2k3)]k
2
2 cos[(csk1 + cT (k2
+k3))ηc]/[csk1 + cT (k2 + k3)]
3 ,
I(8) = +2csc3T
B8
H
[2c2sk
2
1 + cT (3csk1 + cTk2 + cTk3)
(k2 + 2k3)]k
2
2 cos[(csk1 + cT (k2
+k3))ηc]/[csk1 + cT (k2 + k3)]
3 . (79)
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However, note that since B7 = −B8, one has I(7)+I(8) =
0, so we only need to consider I(1) ∼ I(6). Making use
of the redefinition of tensor mode (69), one has:
〈δϕ(k1)γ(k2, λ2)γ(k3, λ3)〉
=
(2π)7δ3(
∑3
i=1 ki)
(Π3i=1k
3
i )
P2δϕ
6∑
s=1
Aλ2,λ3,s(k1,k2,k3) ,(80)
which gives
Aλ2,λ3,s(k1,k2,k3) = H
2Qscs
8Q2T c
2
T
I(s)
×ei2j2(k2, λ2)ei3j3(k3, λ3)Πij,i2j2(k2)Πij,i3j3(k3) .(81)
There are actually 22 = 4 shapes, according to λi(i =
1, 2) being positive or negative. However, due to the
symmetry, there are actually only one independent shape.
In this context, we will only plot one of the shapes for
illustration, while other shapes can be related.
In Fig. 13 we plot the shape function A++ which we
choose λ1 = λ2 = +2, while the wavenumbers are nor-
malized with k1 = 1. We can see that, there is a peak in
the region where x = y → 1, namely k1 ≈ k2 ≈ k3, which
corresponds to an equilateral limit.
FIG. 13: The shape of the 1 scalar+2 tensors part of the
bispectrum with λ1 = λ2 = +2. The shape peaks in the
region where x = y → 1, corresponding to an equilateral limit.
For B6, we choose the cut-off to be (csk1 + cT k2 + cTk3)ηc =
0.001.
G. Three-point correlation function: 2 scalars+1
tensor
As the last part, let us move on to the case of the non-
Gaussianity of the mixing parts which contain 2 scalar
modes and 1 tensor mode. The 3-rd order action of 2
scalar+1 tensor part reads
Stss ⊂
∫
dtL
(3)
tss
=
∫
dtd3xa
[C1γ˙ij∂i ˙δϕ∂jδϕ
+C2γij∂i ˙δϕ∂jδϕ+ a−1C3γij,nn∂iδϕ∂jδϕ
+C4γ˙ij∂iδϕ∂jδϕ+ C5γij∂iδϕ∂jδϕ
]
, (82)
where
C1 = 2C3 = − ξ
M2
, C2 = 4
5
C4 = −4ξH
M2
, C5 = 5ξH
2
M2
.
(83)
and the 3-point cross correlations are defined as:
〈γij(k1, t)δϕ(k2, t)δϕ(k3, t)〉
= −i〈|
∫ tf
ti
dt′[γij(k1, t)δϕ(k2, t)δϕ(k3, t),
H
(3)
int(t
′)]|〉 , (84)
where in this case H
(3)
int = −L(3)tss. Substituting (82) into
(84) one can get:
〈γij(k1)δϕ(k2)δϕ(k3)〉
=
H6(Π3i=1k
−3
i )
4QT cTQ2sc
2
s
(2π)3δ3(
3∑
i=1
ki)Πi′j′,ij(k1)(k2i′k3j′ )
5∑
s=1
J (s) + (k2 ↔ k3) , (85)
where
J (1) = 2C1c2sc2T k21k22
(cTk1 + csk2 + 4csk3)
(cTk1 + csk2 + csk3)4
cos[(cT k1
+cs(k2 + k3))ηc]
J (2) = C2
H
c2sk
2
2 [cs(3cTk1 + csk2 + csk3)(k2 + 2k3)
+2c2Tk
2
1 ] cos[(cT k1 + cs(k2
+k3))ηc]/(cTk1 + csk2 + csk3)
3
J (3) = C3c2Tk21 [2c3Tk31 + 8c2T csk21(k2 + k3)
+c2s(8cTk1 + 2csk2 + 2csk3)(k
2
2 + 3k2k3
+k23)] cos[(cTk1 + cs(k2
+k3))ηc]/(cTk1 + csk2 + csk3)
4
J (4) = C4
H
[c4Tk
4
1 + 2c
2
sc
2
Tk
2
1(k
2
2 + 3k2k3 + k
2
3)
+3c3T csk
3
1(k2 + k3)] cos[(cTk1 + cs(k2
+k3))ηc]/(cTk1 + csk2 + csk3)
3
J (5) = C5
H2
{[c2T csk21(k2 + k3) + cT c2sk1(k22 + k23)
+c3sk2k3(k2 + k3) + 4cT c
2
sk1k2k3] cos[(cT k1 + cs(k2
+k3))ηc]− (cTk1 + csk2 + csk3)3 sin[(cTk1 + cs(k2
+k3))ηc]/ηc}/(cTk1 + csk2 + csk3)2 (86)
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and making use of the redefinition of tensor mode (69),
one has:
〈γ(k1, λ)δϕ(k2)δϕ(k3)〉
=
(2π)7δ3(
∑3
i=1 ki)
(Π3i=1k
3
i )
P2δϕ
5∑
s=1
Aλ,s(k1,k2,k3) , (87)
which gives
Aλ,s(k1,k2,k3)
=
H2
4QT cT
eij(k1, λ)Πi′j′,ij(k1)(k2i′k3j′ )J (s) . (88)
There are two shapes, according to λ being positive
or negative. However, due to the symmetry, there are
actually only one independent shape. In this context,
we will only plot one of the shapes for illustration, while
other shapes can be related.
In Fig. 14 we plot the shape function A+ which we
choose λ = +2, while the wavenumbers are normalized
with k1 = 1. We can see that, there is a peak in the
region where x = y → 1, namely k1 ≈ k2 ≈ k3, which
corresponds to an equilateral limit.
FIG. 14: The shape of the 2 scalars+1 tensor part of the
bispectrum with λ = +2. The shape peaks in the region
where x = y → 1, corresponding to an equilateral limit.
From the analysis on non-Gaussianities of the pure ten-
sor and mixed parts we can see that, unlike the pure
scalar part, they can give rise to shape functions very
concordantly peaking on squeezed and equilateral limit.
This means that, the pure tensor and mixed parts of the
perturbations will generate relatively large f sqzNL and f
eql
NL,
which can be tested by future observations. If we could
find sizable non-Gaussianities of f sqzNL for pure tensor and
feqlNL for mixed parts in the future, it will be a good sup-
port to our model.
IV. CONCLUSION
In this paper, we study the full description of the model
of curvaton with nonminimal derivative coupling to Ein-
stein Gravity, up to 3rd order. The new kind of curvaton
model was first proposed in Ref. [1]. The benefit of this
model is that due to the coupling which contributes a
factor of H2 to the kinetic term, the perturbations of
curvaton feel like in a nearly de-Sitter spacetime and will
give rise to scale-invariant power spectrum favored by the
data, independent of the details of the background evo-
lution of the universe. Since the curvaton field couples
nonminimally to gravity, despite of the pure scalar and
tensor bispectra, the cross correlation of tensor (gravita-
tional) and scalar (field) perturbations will give nontriv-
ial contributions to the non-Gaussianities, so we perform
a full calculation of all the 3-points correlation functions,
and get all the possible shape functions.
However, the requirements of stabilities and gravita-
tional waves do give certain constraints on the model.
According to our previous study [1], this model can work
very well with the condition |y| ≪ M2p , and can act as
a low scale inflation in the expanding universe. Accord-
ing to our Eqs. (63), the non-Gaussian estimators fNL is
proportional to the ratio of |y|/M2p , and thus can give rise
to small non-Gaussianities which is well within the strong
constraint of PLANCK data. Our result shows that for
modest parameter choices, fNL can be of O(0.1). This
indicates that our model can be a viable model and can
have very prosperous developments.
Other than fNL’s of the pure scalar part, our
model can also be tested by the observations on non-
Gaussianities of pure tensor and mixed parts. In our
model, the pure tensor and mixed parts could gener-
ate sizable f sqzNL and f
eql
NL, respectively. If the future
surveys can observe modest signals of squeezed non-
Gaussianities of pure tensor perturbations, or equilateral
non-Gaussianties of mixed tensor-scalar perturbations, it
will be a good support of our model.
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